In this work, theoretical study of laser induced plasma spectral emission has been developed. A model based on equilibrium equations has been proposed for the computation of the plasma composition; species densities evolution and excited levels population in the plasma induced on MgCl 2 -NaCl aqueous solution, are presented alongside temperature range 6000-20 000K. Maximums of excited levels population have been found at distinct temperatures for magnesium and sodium lines. This study has clarified the temperature dependence of the plasma spectral emission.
Introduction
Laser induced plasma spectroscopy (LIPS) technique, or as called LIBS, acronym of Laser induced breakdown spectroscopy, has distinguished as an attractive reliable tool for fast multielemental, and in situ analyses [1, 2] . Motivated by its potentialities, many research teams attempt to apply the LIPS technique for the liquids analyses [3] [4] [5] . However the application of such technique for the liquids was rather delicate and has been confronted to several difficulties. These difficulties are essentially related to the short lifetime, the weak luminance, and the poor spectral signal of the plasma induced in water [5] . To surmount these difficulties, many arrangements have been proposed: production of the plasma in bulk [3, 6] , plasma induced on stream water [7, 8] ; even the approach of double pulse plasma has been tested [8, 9] .
In previous work [10] , the LIPS sensitivity for water samples has been improved, by optimizing parameters influencing the spectral emission of the plasma induced in water. This optimization work has been carried on MgCl 2 -NaCl mixed solution concentrated of 50mg/l. Particular attention has been dedicated to the spectral emission of MgII (279.55nm) and NaI (588.99nm) lines. The optimal conditions of detection have been appeared dependent on the targeted element. Where, contrarily to the sodium detection, the detection of magnesium, requested relatively hot plasma: either by detection at early stage of the plasma lifetime, by elevation of the laser intensity, or by orientation of detection fiber sight to the hot center of the plasma [10] .
In this paper, theoretical approach is developed to make in evidence, the experimental finding dependence of the MgII and NaI intensities on the temperature of the plasma induced in MgCl 2 -NaCl solution.
Theoretical
For the LIPS technique, the plasma is formed during nanosecond laser pulses as a result of photon absorption processes, namely inverse Bremsstrahlung and photoionization processes. Theory and experiments have shown that electron densities as large as 10 20 cm -3 and electron temperatures of the order of 2 eV are typical of laser ablation processes in the nanosecond regime [11] . However, LIBS measurements are made in the microsecond time scale, i.e. when the LIBS plasma is under recombination conditions. In the microsecond regime of the plasma lifetime, typical values of electron number density n e and plasma temperature T, range in the interval 10 15 <n e <10 18 cm -3 and 2<T<0.5 eV [11] .
The reported n e and T ranges are considered sufficient to create an LTE (Local Thermodynamic Equilibrium) plasma, i.e. a plasma in which Saha and Boltzmann equations hold for the number densities of the plasma constituents. Consequently, the population n m of an upper excited level m is related to the total number density n by the Boltzmann equation [12] [13] [14] [15] [16] :
(1) U is the partition function of the corresponding specie, E m , the energy of the excited level m, g m , the corresponding statistical weight, k, Boltzmann's constant.
In the classical theory, the total intensity of a spectral line (I), is the energy of the emitted photon multiplied by the number of transitions per unit time. Referring to the above definition, the detected spectral line intensity corresponding to a transition from an upper excited level m to a lower excited level l is given by [12] [13] [14] :
ν is the frequency of the transition:
, A ml is the transition probability from level m to l, h is the Planck's constant, and F is an experimental factor. According to this equation, for a given line, the spectral line intensity I(T) is related to the higher -level population n m (T); which is, dependent on the total number density n(T) as shown in the Boltzmann equation (1) .
As LIBS plasmas fulfill LTE conditions, equilibrium composition of thermal plasmas, number density of species and population density of excited levels, could be calculated solving a coupled system of master equations including Boltzmann and Saha equations. Those equations are formulated as following in the appendix.
Results and discussion

Plasma composition
A code was developed in MAPLE ® environment to calculate the concentrations of elements in the plasma, at given thermodynamic conditions. Figure1 illustrates densities of elemental species in the equilibrium plasma of MgCl 2 -NaCl solution, concentrated at 50mg/l, at atmospheric pressure, for temperatures ranging from 6000 to 20000K. It should be noted that molecular species are supposed to be completely dissociated for this considered temperature range appropriate to LIPS plasma. On the other hand, species with elevated ionization energy (E i >20eV) could be neglected: their existence requires excessively high temperatures (out of our range of interest).
Figure1 shows a dominance of neutral species in the plasma at low temperature (i. e. below~14000K). This dominance can be explained in term of three-body recombination of ions with electrons in the late stage of plasma decay. Main species of water, namely hydrogen and oxygen atoms, are weakly ionized at low temperature. It should be noted that H + ion is the major charged species, thus the behavior of H + and of the electrons are strictly linked. For high temperatures (>15000K), plasma is essentially constituted of charged species. i.e. plasma reach the saturation of electrons n e (T)~10 17 cm -3 at 17000K. 
2 Number densities of emitting species
Densities of emitting species have been deduced from total densities of corresponding species by applying Boltzmann equation. Figure 2 present number density of excited states Mg(3p) and Na(3p) of magnesium and sodium atoms, which participate to the spectral lines MgII (279nm) and NaI (588nm) respectively. Table1 provides the corresponding energy levels, transition probabilities and electronic configuration. Each spectral line reach a maximum of upper-level population at certain temperature T*(so-called norm temperature [15, 19] ). The norm temperature traduces the competition between two processes promoted by the increase of temperature, namely the excitation and the ionization. Table 2 gathers the maximum number density with corresponding norm temperature for considered lines. The corresponding ionization and excitation energies are presented. It can be noticed that MgII present a maximum of population on the issuing level, at norm temperature of 13900K; The MgII norm temperature is higher than the one of the sodium line NaI, evaluated at 11600K (see table2). This suggests that, the NaI maximum spectral intensity should be recorded at relatively cold plasma. This is in agreement with experimental finding related to temperature dependence of NaI and Mg II spectral emission of laser induced plasma in water [10] .
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Conclusion
This work constituted theoretical support for the understanding of laser induced plasma spectral emission; physical interpretation is presented to comment the evolution of species number densities, for temperature ranging from 6000K to 20000K. On the other hand, the presence of maximal population of the emitting species at norm temperature, contributed to the interpretation of spectral emission of sodium and magnesium lines.
To calculate number densities of species considered in the laser induced plasma, a system of equations was formed by electric neutrality equation, Dalton equation, conservation equations, Boltzmann equations, Saha equations; Those equations are formulated as following:
A. 1.Electric neutrality
The charge conservation is traduced by the following relation:
n e is the electronic density n a,i is the number density of the ion 'i' of the specie 'a' Z i is the charge of the ion 'i'.
A. 2. Dalton law
Contrary to the classic perfect gas theory, where only the elastic interactions is considered, the plasma study requires to keep into account the charged particles. The lasts, generate a Columbian field which creates an interaction energy moving the plasma away from the perfects gas state. Taking account of this interaction, Dalton law, is written as following p kT ) n n ( P 
A. 4. The Boltzmann law
The Boltzmann law traduces the atoms repartition of a given species 'a', on the various energy levels [13] [14] [15] [16] : (T) and U a,i-1 (T) are the corresponding internal partition functions, n e and m e are respectively the electron number density and the electron mass , E a,i is the ionization potential of the species 'a,i'.
The correction ΔE a,i-1 correspond to the lowering ionization potential, it is introduced in the Saha equation to take in consideration the slight lowering of the ionization level due to the effects of the electric fields established by the charged particles, it consists on decreasing the ionization energy by the introduction of perturbation. According to the Unsöld formula [15] , the lowering could be deduced from the following expression: Z eff is the nuclear charge which acts on the optical electron The calculation of the lowering requires the knowledge of the electron density. To solve this problem, the system is solved by an iterative method. The system is initialized by an approached value of the electron density. After resolution of the system, the determined electronic concentration permits to refine the assessment of ΔE a,i-1 .
